Abstract. Phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) has been indicated to serve an important role in the pathogenesis of inflammatory diseases. It was previously demonstrated that the PI3K/Akt inhibitor wortmannin alleviated the severity of inflammation and improved the survival rate in rats with induced severe acute pancreatitis (SAP), which indicates that PI3K/Akt may serve a role in the pathogenesis of acute pancreatitis. To date, the mechanism by which PI3K/Akt regulates inflammation has not been elucidated. In the present study, it was hypothesized that PI3K/Akt may be invovled in SAP inflammation via regulation of the Toll-like receptor 4 (TLR4) signaling pathway. Rats with SAP were treated with the PI3K/Akt agonist insulin-like growth factor (IGF)-1, which alleviated the severity of inflammation in a dose-dependent manner. Furthermore, to better understand the role of PI3K/Akt in inflammation, RAW264.7 murine macrophages were stimulated with IGF-1 and wortmannin alone or together before the induction of inflammation by treatment with lipopolysaccharide (LPS). The results indicated that LPS stimulated overexpression of TLR4, myeloid differentiation primary response gene 88 (MyD88), PI3K, Akt, p38MAPK and NF-κBp65 mRNA, and increased the levels of tumor necrosis factor (TNF)-α and interleukin (IL)-6 in RAW264.7 cells compared with the control group. The levels of all detected factors were increased by stimulation with IGF-1, whereas these levels were decreased following treatment with wortmannin alone, and the effect of IGF-1 was abolished by wortmannin in RAW264.7 cells. In vivo studies indicated that IGF-1 produced the same anti-inflammatory effect as wortmannin and that expression of TLR4, p38MAPK and NF-κBp65 decreased following treatment with IGF-1. These findings indicate that PI3K/Akt may take part in the progression of SAP by regulating the TLR4 signaling pathway and that IGF-1 can inhibit inflammation in SAP rats.
Introduction
Severe acute pancreatitis (SAP) is an inflammatory disease of the pancreas characterized by elevated pancreatic enzymes in the blood which can lead to multiple organ dysfunction and is associated with high mortality rates (1) . SAP involves a complex cascade of events. The progression of SAP leads to acinar cell injury, and as a result of inflammation and tissue damage, inflammatory cells including macrophages, neutrophils and dendritic cells are actively recruited to the diseased site and induce the rapid production and release of inflammatory cytokines such as tumor necrosis factor (TNF)-α and interleukin (IL)-6, which play the dominant role in local pancreatic inflammation and systemic complications. Our previous research showed that the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) inhibitor wortmannin could decrease the production of inflammatory cytokines, alleviate the severity of inflammation in the pancreas and improve the survival rate in SAP rats, indicating that the PI3K/Akt signaling pathway is involved in the development of SAP and the severity of inflammation through the regulation of inflammatory cytokines (2) . However, the mechanism of PI3K/Akt in SAP is not fully understood.
One Study confirmed that Toll-like receptors (TLRs) and PI3K interact to modulate inflammation (3) TLRs are the first-line of host defense guards that sense invading microbes to induce innate and adaptive immune responses. Since the activation of downstream signaling pathways culminates in the production of proinflammatory mediators, TLRs are closely involved in the developmental stages of a variety of , ZHI-WEN YANG 3 , CHENG-ZHAO WENG 4 and YUE-XING LAI inflammatory diseases, include SAP (4-7). TLR4 activation by lipopolysaccharide (LPS) triggers the association of myeloid differentiation primary response gene 88 (MyD88) with the cytoplasmic domain of TLR4, which recruits IL-1 receptor-associated kinase 4 (IRAK4) and sequentially phosphorylates IRAK-1, activating a series of signaling molecules, kinases, transcription factors and inflammatory genes (8, 9) . NF-κB and p38MAPK are two major downstream signaling pathways in the TLR4 signaling pathway (9, 10) . It is well known that NF-κB and p38MAPK play critical roles in regulating the expression of proinflammatory genes such as TNF-α, IL-β and IL-6 (11, 12) . Our previous findings indicated that these two signaling pathways were activated in SAP rats (2, 13) and pancreatitis-associated ascitic fluid stimulated THP-1 cells (14) , which was suppressed by wortmannin (2) . In the present study, we examined the expression of TLR4, PI3K, Akt, p38MAPK, NF-κBp65 and MyD88 in vivo in SAP rats and in vitro in RAW264.7 murine macrophages (stimulated by LPS) following treatment with the PI3K agonist insulin-like growth factor (IGF)-1, and further explored the possible mechanisms by evaluating the correlation between PI3K/Akt and TLR4 in inflammatory reactions associated with SAP. Our results demonstrate for the first time to our knowledge evidence that PI3K/Akt may regulate the TLR4 signaling pathway and take part in the progression of the SAP inflammation reaction.
Materials and methods

Animals and treatments.
Thirty healthy male Sprague-Dawley rats weighing 230-270 g were purchased from the Animal Center of Shanghai Jiao Tong University (Shanghai, China). Animals were housed in cages under a controlled temperature of 22±1˚C in 12-h light-dark cycles, were fed standard laboratory chow and provided water ad libitum and allowed to acclimatize for at least 1 week. The experiment was designed in accordance with the guidelines for the care and use of laboratory animals in research and was approved by the Ethical and Research Committee of Shanghai Jiao Tong University. Sprague-Dawley rats were randomly divided into five groups: Normal group (Normal), sham operation group (SO), SAP model group (SAP), high-dose IGF-1 treatment group (High-dose IGF-1) and low-dose IGF-1 treatment group (Low-dose IGF-1), n=6 per group. Surgical anesthesia was accomplished by intraperitoneal injection of 2% pentobarbital sodium (40 mg/kg bw). SAP was induced by retrograde infusion of 5.0% sodium taurocholate (1 ml/kg body weight) into the pancreatic and biliary duct. Half an hour before inducing SAP, rats were injected intraperitoneally with 20 or 200 µg/kg of IGF-1 (Sigma-Aldrich, USA) in the low-and high-dose IGF-1 groups, respectively. Rats in the sham group underwent a sham operation with nothing infused. All animals were anaesthetized by 2% pentobarbital sodium (50 mg/kg bw) prior to sacrifice and sacrificed by cervical dislocation. Blood, ascitic fluid and pancreatic tissue samples were obtained 6 h after ductal infusion of sodium taurocholate. Arterial blood samples were obtained from the abdominal aorta. Blood samples were centrifuged at 3,000 g for 10 min at 5˚C and the supernatants were separated with sterile pipettes and frozen at -80˚C for the following assays. Before the rats were sacrificed, the sutured abdominal incisions were opened.
Changing the rat's position allowed the ascites to accumulate, which was then collected by 10 ml syringe. The maximum volume of ascites observed in the study was 5.06% (i.e., 12 ml in a rat of 235 g. These 12 ml of ascites weighted 11.89 g). Cell culture and treatment. RAW264.7 murine macrophages from the Chinese Academy of Science Cell Bank were grown in RPMI 1640 supplemented with 10% fetal bovine serum at 37˚C in a 5% CO 2 /air environment. The cells were resuspended at a concentration of 5x10 5 cells/ml in culture medium. A 1-ml cell suspension was transferred to a six-well plate and incubated with a final concentration of 1 µg/ml LPS (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Cells were divided into five groups: Blank group, LPS group, IGF-1 group [cells were incubated with IGF-1 (100 ng/ml) 1 h before treatment with LPS], wortmannin group [cells were incubated with wortmannin (100 nM; Sigma-Aldrich; Merck KGaA) 30 min before treatment with LPS] and IGF-1+wortmannin group (cells were incubated with both IGF-1 (100 ng/ml) and wortmannin (100 nM) before treatment with LPS). The Blank group was incubated in culture medium without drugs. The reaction was stopped after a 6-h incubation. After centrifugation (1,000 x g, 6 min), the supernatant and cell lysates were collected and stored at -80˚C for subsequent analysis.
Cell viability assay. We used a Cell Counting Kit-8 (CCK-8) assay (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) to evaluate cell viability. Cells were collected in the logarithmic growth phase and plated at a density of 1x10 3 -5x10 3 cells per well in 96-well plates in triplicate, incubated at 37˚C for 24 h, then treated with increasing concentrations of LPS (0, 0.1, 0.3, 1, 3 and 10 µg/ml), IGF-1 (0, 1, 10, 30, 100 and 300 ng/ml) and wortmannin (0, 3, 10, 20, 100 and 300 nM), while the Blank group was incubated with culture medium without drugs. After 24 h incubation at 37˚C, every well was incubated with CCK-8 reagent in complete medium at a ratio of 1:10 for 1 h. The absorbance value of each well was measured at 450 nm using a microplate reader (Molecular Devices, LLC, Sunnyvale, CA, USA).
Histopathological examination. At 6 h after inducing SAP, pancreatic tissue was removed and fixed in 10% neutral-buffered formalin. Samples were embedded in paraffin, sliced into 4-µm sections and stained with hematoxylin-eosin in preparation for blinded histologic assessment. Histologic changes were evaluated in random, nonconsecutive fields (Olympus BX51/Olympus DP71; Olympus Corporation, Tokyo, Japan). Edema, inflammation, as well as hemorrhage and necrosis of the pancreas were each graded from 0 to 4 by the standard of Schmidt et al (15) , and the total score was obtained by addition of the four aspect scores.
Ascite amylase activity and ascite volume measurement. The amylase activity in samples of ascites fluid was measured with an automated biochemistry analyzer. Ascite volume was also measured.
Expression of TNF-α and IL-6 assay. IL-6 levels in sera and TNF-α and IL-6 levels in cell supernatants were assayed with ELISA kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). ELISA was performed according to the manufacturer's instructions.
Quantitative PCR (qPCR). qPCR was used to investigate the expression of TLR4, IGF-1 receptor (IGF-1R), p38MAPK
and NF-κBp65 mRNA in pancreatic tissue, and expression of PI3K, Akt, TLR4, MyD88, p38MAPK and NF-κBp65 mRNA in RAW264.7 murine macrophages. Total RNA was prepared from tissue and cells using RNAiso (Takara Bio, Inc., Otsu, Japan) according to the manufacturer's protocol. Reverse transcription of total RNA was performed for synthesis of cDNA using a Takara RNA PCR kit. qPCR was performed using the Light Cycler Nano instrument (Roche Diagnostics, Indianapolis, IN, USA). Calculations were performed using GAPDH as an internal reference gene. The gene-specific primers used in pancreatic tissue were as follows. 
Results
Histological examination of pancreatic tissue.
Histological examination found no difference between the normal and SO groups. Compared with the SO group, pancreatic injury in SAP rats was characterized by tissue edema, leukocyte infiltration and acinar cell necrosis, and the hemorrhage pathological scores for pancreatic tissues were markedly increased (Fig. 1) . Treatment with IGF-1 obviously ameliorated the severity of the inflammatory response in SAP animals, alleviating tissue edema, leukocyte infiltration and acinar cell necrosis, decreasing the hemorrhage pathological scores for pancreatic injury. As the IGF-1 dosage increased, pancreatic injury was lessened and the pathological scores significantly declined, as shown in Fig. 1 .
Ascites volume and ascites amylase activity. Ascites volume gradually increased after the exposure to LPS in the SAP group. The volume of ascites was significantly reduced by treatment with IGF-1, but not in a dose-dependent manner. Ascites amylase activity from the normal rats is shown in Fig. 2 . In agreement with the histological changes, amylase activity in the SAP rats significantly increased compared with the SO group. The IGF-1 treatment groups had markedly decreased levels of ascites amylase compared with the SAP rats, and as the IGF-1 dosage increased the levels of amylase activity declined substantially (Fig. 2) .
Inflammatory cytokine levels in serum. The measurement of serum inflammatory cytokine levels showed that SAP rats had increased expression of the proinflammatory cytokine IL-6 compared with the SO group. In contrast, the level of IL-6 was reduced by treatment with IGF-1 in a dose-dependent manner (Fig. 2) . The results indicated that IGF-1 could effectively attenuate pancreatic injury.
Effect of IGF-1 on TLR4, p38MAPK, NF-κBp65 and IGF-1R
mRNA levels in pancreatic tissue. The levels of TLR4, p38MAPK, NF-κBp65 and IGF-1R mRNA in the five groups were assessed (Fig. 3) . There was no significant difference between the normal and SO group. Compared with the SO group, TLR4, p38MAPK and NF-κBp65 mRNA markedly increased in pancreatic tissues of SAP rats (P<0.05). High and low dose IGF-1 treatment decreased the expression of TLR4, p38MAPK and NF-κBp65 mRNA in the pancreas observably. Because TLR4, NF-κBp65 and p38MAPK are important signaling molecules in the inflammatory reaction associated with SAP, these results suggested that IGF-1 attenuated the sodium taurocholate-induced inflammation in the pancreas. IGF-1R, a member of the family of transmembrane tyrosine kinases, binds IGF-1 with high affinity and initiates the physiological response to this ligand (16) . Compared with the normal and SO groups, the level of IGF-1R mRNA expression fell in pancreatic tissues of SAP rats, and was significantly decreased compared with the normal group (P<0.05). In contrast, high and low dose IGF-1 treatment produced similar significant increases in expression of IGF-1R mRNA in the pancreas (P<0.05). These results suggested that exogenous IGF-1 increased the expression of IGF-1R in the same manner as endogenous IGF-1.
Effect of IGF-1 on phosphorylation of Akt in pancreatic tissue.
Akt is the downstream signaling molecule of PI3K in inflammation. The phosphorylation of Akt in the SAP group was markedly upregulated compared to the SO group. Moreover, IGF-1 treatment resulted in increased protein expression of p-Akt/Akt in the pancreas (Fig. 4) . These results suggested that IGF-1 could increase the phosphorylation of Akt, consistent with the results of another study (17) .
Assay for cellular viability. Increasing concentrations of LPS, wortmannin and IGF-1 had no significant effect on the proliferative activity or viability of RAW264.7 cells compared with Blank cells after 6 h of treatment. The final concentration of LPS, IGF-1 and wortmannin was therefore set at 1 g/ml, 100 ng/ml and 100 nM, respectively, for the next set of experiments.
Effect of IGF-1 and wortmannin on TNF-α and IL-6 levels in RAW264.7 cells.
Since macrophages play prominent roles in various inflammatory conditions, especially in SAP (18), we analyzed whether IGF-1 and wortmannin influenced the production of proinflammatory cytokines in response to the TLR4 ligand LPS in RAW264.7 macrophages (Fig. 5) . The protein levels of TNF-α and IL-6 were higher in the LPS group than in the Blank group (P<0.01). Compared with the LPS group, the levels of these cytokines were increased in the IGF-1 group, but not different from each other in statistics (P>0.05). We added IGF-1+wortmannin group and compared it with IGF-1 group, we found that the expression of IL-6 and TNF-α were different from each other in statistics (P<0.05; Fig. 5) . Meanwhile, the level of TNF-α and IL-6 were significantly decreased in the wortmannin group (P<0.05). These data demonstrated that agonists and inhibitors of PI3K/Akt were able to affect LPS-induced production of proinflammatory cytokines in RAW264.7 cells.
Effect of IGF-1 and wortmannin on PI3K, Akt, TLR4,
MyD88, p38MAPK and NF-κBp65 mRNA in RAW264.7 cells. In response to LPS, overexpression of TLR4, MyD88, PI3K, Akt, p38MAPK and NF-κBp65 mRNA was observed in RAW264.7 cells compared with Blank cells. As shown in Fig. 6 , the level of each of these factors was higher in the IGF-1 group compared with the LPS group, whereas their expression in the wortmannin group was lower than in the LPS Figure 2 . Ascites volume, ascites amylase activity and IL-6 levels in each group. Ascites volume, ascites amylase activity and IL-6 levels increased after exposure to LPS in the SAP group. The IGF-1 treatment group had markedly decreased ascites volume, ascites amylase activity and IL-6 expression compared with the SAP rats. group. Moreover, the mRNA level of TLR4, MyD88, PI3K, p38MAPK and NF-κBp65 in the IGF-1+wortmannin group was lower than in the IGF-1 group (P<0.05). While the mRNA level of Akt in the IGF-1+wortmannin group was lower than in the IGF-1 group, the difference was not statistically significant (Fig. 6 ). These data demonstrated that agonists and inhibitors of PI3K/Akt were able to change the level of PI3K and Akt and affect gene expression of TLR4, MyD88, p38MAPK and NF-κBp65 in RAW264.7 cells.
Effect of IGF-1 on phosphorylation of Akt in RAW264.7 cells.
The phosphorylation of Akt in the LPS group was markedly upregulated compared to the Blank cells (Fig. 7) . Moreover, IGF-1 treatment resulted in increased protein expression of p-Akt/Akt in the cells. The phosphorylation of Akt in the wortmannin group was lower than in the LPS group, and was also lower in the IGF-1+wortmannin group compared to the IGF-1 group (P<0.05; Fig. 7 ). These results suggested that IGF-1 could increase the phosphorylation of Akt in RAW264.7 cells.
Discussion
The PI3K/Akt pathway has been shown to control a variety of cellular processes, including cell survival and proliferation. Several lines of evidence have recently shown that PI3K/Akt are involved in several inflammatory diseases (19, 20) . We have shown previously that the PI3K/Akt inhibitor wortmannin decreased inflammatory cytokines, alleviated the severity of inflammation in the pancreas and improved the survival rate in SAP rats, indicating that PI3K/Akt take part in the development of SAP (2) . In the present study, we used IGF-1, an agonist of PI3K, to test the hypothesis that PI3K/Akt regulate proinflammatory cytokines and inflammation through TLR4 and its downstream signaling pathway, thereby controlling SAP inflammation.
We examined the severity of inflammation in SAP rats by histological examination of the pancreas, ascites volume, activity of ascites amylase and TNF-α level following IGF-1 treatment. The results showed that IGF-1 not only decreased the severity of pancreatic damage but also greatly attenuated the expression of the proinflammatory cytokine IL-6 in a dose-dependent manner, which was consistent with the histological changes we observed in the pancreas, and suggested that IGF-1 exerts an anti-inflammatory effect in SAP rats by reducing the expression of proinflammatory cytokines. To determine if the modulating effect of IGF-1 on inflammation was associated with TLR4 gene expression, TLR4 mRNA levels were determined by real-time PCR. The results showed that IGF-1 decreased TLR4 expression in a dose-dependent manner. It is well known that TLR4-mediated signaling activates NF-κB and p38MAPK, which play critical roles in regulating expression of proinflammatory genes. Thus, we examined the expression of NF-κBp65 and p38MAPK and found that they changed in accordance with expression of TLR4. All of these results indicate that IGF-1 may exert a modulating effect on TLR4 and its downstream signaling pathway in SAP rats. However, there are some caveats regarding this conclusion. First, IGF-1 as an agonist of PI3K showed the same anti-inflammatory effect as the PI3K inhibitor wortmannin. Second, inhibitors were not used to inhibit the effect of IGF-1 and TLR4 in our SAP rats. Thus, it was difficult to prove that the anti-inflammatory effect of IGF-1 was mediated by TLR4 and its downstream signaling pathway. Additional study will be required to unambiguously demonstrate this effect.
To determine the relationship between PI3K/Akt and TLR4, RAW264.7 cells were treated with LPS in the presence or absence of a PI3K inhibitor (wortmannin) and agonist (IGF-1). Stimulation of RAW264.7 cells with LPS induces the production of various proinflammatory cytokines. Our data showed that IL-6 and TNF-α secretion were increased by co-stimulation with LPS and IGF-1 compared to LPS stimulation alone. This modulation was suppressed by using wortmannin, indicating that IGF-1 promotes the inflammatory effect in RAW264.7 cells through PI3K/Akt. Furthermore, the expression of TLR4 and MyD88 mRNA, which was increased by IGF-1 overexpression following LPS treatment, was downregulated by wortmannin. Moreover, the expression of Akt, NF-κBp65 and p38MAPK were in line with the expression of TLR4 and proinflammatory cytokines. It has been shown that TLR4 activation by LPS triggers the activity of MyD88, changes a series of adapter molecules and kinases and then stimulates NF-κB and p38MAPK translocation and expression of target genes (9) . These findings suggest that PI3K/Akt have a relationship with TLR4 in which upstream and downstream TLR4 signaling can be affected by inhibitors and agonists of PI3K in RAW264.7 cells.
There are many TLRs. The expressions of TLR2, TLR4 and TLR9 were found to be increased in experimental AP in rodents, and there is strong data indicating that TLR4 plays a significant pro-inflammatory role in the progression of AP apart from TLR2 and TLR9 (5-7). Activation of TLR4 signaling is involved in the injury of the pancreas, intestine, lung, liver and kidney in SAP; meanwhile, expression of TLR4 was increased in the early phase of SAP in those organs (5) (6) (7) 21, 22) . TLR4 (-/-) mice showed significantly less SAP and reduced lung injury compared to wild-type mice after stimulation in the SAP animal model (5) . Furthermore, another study found that TLR4 but not TLR2 regulates inflammation and tissue damage in AP (23) . TLR4 may trigger inflammatory responses through a series of signal transduction cascades, including MYD88. Knockdown of MYD88 attenuates LPS-induced inflammatory responses in pancreatic ductal cells (24) . Meanwhile, acute pancreatitis patients have high level of TLR4 and decreasing the expression of TLR4 reduces the risk of systemic complications and mortality (25) . NF-κB and p38MAPK are the two main signaling pathways activated by TLR4-mediated signaling, and both play an important role in the regulation of several inflammatory cytokines and mediators. Previous work from our group has shown that the activation of NF-κB and p38MAPK is a prominent response during pancreatic injury and that activation of these molecules plays a key role not only in the release of inflammatory factors, but also in increasing neutrophil infiltration of the pancreas (14, 26) . All the above research thus suggests that TLR4 plays an important role in the synthesis and release of proinflammatory cytokines, and indicates that upregulation of the TLR4 gene may be related to the development of inflammation in SAP. Our present study is consistent with those previous results.
Both in vitro and in vivo data in our present study suggested that inhibitors and agonists of PI3K could regulate the expression of TLR4 and its downstream molecules (MyD88, NF-κB, p38MAPK, IL-6 and TNF-α), indicating a relationship between PI3K and TLR4 in the progression of SAP. In fact, several reports have shown just such a relationship in other cells (27) (28) (29) (30) (31) (32) , as well as hypoxic stress, not only in acute pancreatitis. One study demonstrated that treatment with a PI3K inhibitor could significantly decrease LPS-induced TLR4 protein and mRNA expression in vascular smooth muscle cells (27) . Other studies have shown that activation of the PI3K pathway could increase TLR4-induced TNF-α and IL-6 production in mast cells (28) . It has also been demonstrated that PI3K/Akt contribute to increased expression of TLR4 in macrophages exposed to hypoxic stress (29) . Meanwhile, several investigators have determined that PI3K/Akt are important mediators involved in regulating NF-κB and p38MAPK-dependent gene expression in various cell types (30, 31) . In addition, PI3K has been shown to positively regulate cytokine expression through the formation of a complex between the p85 regulatory subunit, TLR4 and MyD88, which limits LPS-induced inflammation via inhibition of TLR4/MyD88/PI3K complex formation that in turn inhibits activation of downstream signaling pathways (32) . Our previous data showed that an inhibitor of PI3K (wortmannin) alleviated the severity of SAP by suppressing phosphorylation of Akt, which inhibited the activation of NF-κB and p38MAPK (2) . In the present study, the downregulation of TLR4 and amelioration of inflammation were accompanied by a decline in the level of Akt in SAP rats. Meanwhile, our in vitro experiments produced similar results, in which inhibition of PI3K attenuated the expression of Akt, TLR4, MyD88, NF-κBp65 and p38MAPK and downregulated the level of proinflammatory cytokines; in contrast, activation of PI3K with IGF-1 produced the opposite result, and wortmannin restrained the proinflammatory effect of IGF-1. In agreement with previous reports from other laboratories, we have uncovered the relationship between PI3K/Akt and TLR4, and our results provide evidence for the first time to our knowledge that PI3K/Akt may control inflammation through regulation of TLR4 and its downstream signaling in the progression of SAP.
However, there was a very mixed reaction to the application of IGF-1 in vivo and vitro. IGF-1, a peptide hormone, is synthesized in the liver and kidney and has pleiotropic effects on cell growth and metabolism (33) . IGF-1R binds IGF-1 with high affinity and initiates the physiological response to this ligand, such as induce strong activation of the PI3K pathway (28) . Some reports have shown that IGF-1 has an anti-inflammatory effect, and one report determined that IGF-1 alleviates ox-LDL-induced inflammation (34) . In our study we employed IGF-1 as an agonist of PI3K in our study and testd the level of IGF-1R. We found that IGF-1 increased the phosphorylation of Akt, consistent with the results of other studies (17) . However, IGF-1 activated RAW264.7 cells in vitro, but failed to do so in vivo. Those results demonstrated that IGF-1 can protect SAP rats in other ways than by IGF-1R in pancreatic tissue. Study reported that administration of IGF-1 attenuates pancreatic damage in part due to the increase in IL-10 production, the reduction in liberation of IL-1β and the improvement in pancreatic blood flow (35) . Moreover, insulin protects pancreatic acinar cells from cytosolic calcium overload via inhibition of the plasma membrane calcium pump (36) . Thus, the expression of IGF-1R mRNA only reflect the effect of exogenous IGF-1. Further in-depth studies will be necessary to interpret the discrepancy between IGF-1 in vivo and in vitro effects.
Taken together, our results suggest that PI3K/Akt may regulate TLR4 and its downstream adapter molecules, kinases, transcription factors and expression of inflammatory cytokinse, thereby controlling SAP inflammation. Akt and TLR4 knockdown experiment would be done to futher confirm this conculsion in the future. We also found that IGF-1 could inhibit inflammation in SAP rats. Based on our previous and present studies, we suggest that pharmacologic inhibition of the PI3K/Akt pathway may represent a new therapeutic approach to limit the progress and development of inflammation in SAP. It is also important to note that because signaling pathways in inflammation are linked together in an interrelated network, further studies will be required to accurately investigate the mechanisms of PI3K/Akt and TLR4 in the progression of SAP.
